Aim: Evidence of the effectiveness of dietetic consultation for the management of cardiovascular disease (CVD) risk factors has not been previously synthesised. A systematic review and four meta-analyses evaluated the effectiveness of dietetic consultation for lowering blood lipid levels in high-risk individuals in primary health-care settings. Methods: Of the 4860 records identified, 10 eligible randomised controlled trials (RCTs, n = 1530) were evaluated for reporting blood lipid outcomes following dietetic consultation (DN)-defined as at least one exclusive individual face-to-face consultation with a dietitian and comparators (C)-defined as no nutrition intervention or usual or minimal care provided by physicians and/or nurses. Results: DN groups were effective for lowering blood lipid levels across nine studies reporting total cholesterol (TC) and LDL; and across five of six studies reporting triglycerides (TG). Between-group differences were not consistently assessed, with significance levels reported in four studies all in favour of DN, P < 0.05. Meta-analyses for TC and LDL (seven studies) confirmed DN and C groups were equally effective, P > 0.05; and for TG (six studies) DN groups were significantly more effective than C groups, P < 0.05). Conclusions: This review provides RCT evidence that dietetic counselling is effective for lowering TG levels and at least as effective as usual and minimal care for improving cholesterol levels in high-risk individuals in primary health care. However, more adequate reporting of methods and greater consistency in timing interventions and data collection will enhance the quality of the evidence and increase confidence in the health benefits of dietetic counselling for the management of CVD risk.
Introduction
Dietary behaviour change is a first-line approach to the prevention and management of cardiovascular disease (CVD) risk. [1] [2] [3] Dietitians provide evidence-based consultations consisting of individualised face-to-face education and counselling to facilitate dietary behaviour change and modify disease risk factors. 3, 4 Guidelines for managing CVD risk focus on modifying measurable cardiometabolic risk factors, particularly in individuals at increased risk for the disease. [1] [2] [3] [4] [5] Measuring clinical markers of risk can provide evidence for the effectiveness of interventions. Dietary behaviour changes aimed at improving blood lipid profiles include restricting energy intake, 6 increasing dietary fibre intake, increasing fruit and vegetable intake, 7 manipulating the type and amount of dietary fat and plant sterols consumed 8 and adopting dietary patterns that favour the intake of whole foods such as Dietary Approaches to Stop Hypertension (DASH) 9 and Mediterranean diets. 10 The effectiveness of dietetic consultation for lowering cardiometabolic risk factors such as blood lipid concentrations in high-risk individuals has not been adequately elucidated. Systematic reviews on counselling for behaviour change have been conducted but these synthesised data from studies with multiple health professional team members. 11, 12 Due to the multidisciplinary nature of these teams it can be challenging to determine the effectiveness of dietetic consultation in this context. For example, there is currently no recommendation on the optimal frequency and duration of dietetic consultation to elicit a positive health outcome. 13 However, it is important to clarify the health benefits of the dietetic consultation in this area of health care to inform resource planning.
In 2016, a systematic review of randomised controlled trials (RCTs) was conducted to examine the impact of dietetic consultation conducted in the primary health-care setting.
14 Primary health care refers to care delivered outside the acute hospital setting and is a key area of dietetic practice, especially for the management of chronic disease risk. This previous review was qualitative in nature and examined a range of patient outcomes to determine clear benefits for the dietetic consultation in some outcomes, such as weight loss. However, the effect on cardiometabolic risk factors, such as blood lipid concentrations, remained ambiguous and warranted a more focused review and metaanalyses. The purpose of the current review and metaanalyses is to evaluate the effectiveness of face-to-face dietetic consultation for lowering blood lipid concentrations in high-risk individuals in primary health-care settings. It is hoped that a review of this nature will add to the evidencebase and help to describe an optimal frequency and duration of dietetic consultation to elicit a positive health outcome in the management of CVD risk.
Methods
The current systematic review and meta-analyses used the same search strategy previously reported for a broader systematic review conducted in 2016 and published in 2017. 14 RCTs only were included to obtain the highest level of evidence and the lowest likelihood of bias due to their study design and use of a control group. Cross-over designs were excluded due to the lack of a valid control group (where a consultation or washout period cannot be used and removed in the same way as when testing a drug). The previous review used a range of patient outcomes to assess the effectiveness of individual dietetic consultations in the primary health-care setting. The current review used the same search strategy to update the previous search to August 2017 and only included those studies that reported on blood lipid outcomes in individuals at high risk of CVD. The study methods and reporting comply with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
The literature search was conducted in the following electronic databases: ProQuest Family Health, Scopus, PubMed Central, MEDLINE, CINAHL and Cochrane databases. Keywords were combined using the Boolean operators 'AND' and 'OR' to create the following three search categories: 'patient OR client OR client-centred OR participant OR adult' AND 'dietitian OR dietetic' AND 'consult* OR referral OR practice OR counselling OR interview OR advice OR outpatient OR clinic'. Limits included humans, adults and English language. Additional publications were identified through hand searches of the reference lists of included publications and from systematic reviews retrieved in the search. Further details of the search strategy have been published previously.
14 Study eligibility for review was based on PICOS (Population, Intervention, Comparator, Outcome, Study design) criteria presented in Table 1 . Full details of the study selection process have been published previously. 14 In brief, an initial selection process identified articles for further consideration if the title or abstract contained at least one keyword from each of the search categories described. The full text of all articles that met the criteria was retrieved, and a second selection process was undertaken by examining the full manuscripts to inform the final decision. A quality control training procedure was undertaken to ensure consistency of coding between reviewers. Agreement (97%) between reviewers was obtained for the coding of the first 250 abstracts.
14 Where the coding differed, consensus was achieved through group discussion. Disagreements between coders were considered by a separate researcher and resolved via group discussion.
Two researchers independently assessed the quality of each of the included publications, published in detail elsewhere.
14 Using the Cochrane Risk of Bias tool, 15 eight criteria covering six domains of bias were considered: selection bias, performance bias, detection bias, attrition bias, reporting bias and other bias. If insufficient detail was provided to adequately classify a study as either 'low risk' or 'high risk', it was classified as 'unclear risk', in line with the user guide. 15 The overall study rating was allocated at the level of the criterion with the highest risk of bias score. No studies were excluded based on the quality assessment.
Data from the included publications were extracted by one researcher and reviewed by another researcher using a purposefully developed electronic spreadsheet. Publications reporting data on blood lipid outcomes were examined and any relevant additional data extracted. The following data were extracted: study identification (first author, year and country), primary aim of risk management, participant characteristics (gender, inclusion and exclusion criteria), study setting, sample size (intervention and comparator), description of the dietetic consultation intervention (frequency, duration), comparator (usual, minimal or no intervention), and measures of study quality as outlined above. 15 Outcome methods and measures were limited to blood lipid concentrations (TC, HDL, LDL and TG), measured at baseline and nearest to the end of the intervention period for each RCT.
Mean blood lipid values and variance measures (SD and SEM or 95% CIs) were extracted. No distinction was made between serum and plasma lipid values. Blood lipid concentrations reported as mg/dL were converted to mmol/L using a standardised conversion (multiply mg/dL by 0.0259). All variance measures were converted to SDs using the Cochrane Handbook method. 15 No study reported a correlation coefficient or SD of change for the outcome measures under study and these could not be imputed from other studies due to the variations in intervention duration.
Instead, the SD of the within-group mean difference was calculated (based on the mean difference from baseline to the end of the intervention period and corresponding confidence intervals) for each arm (intervention and comparator group) in the included studies. 15 The absolute and relative (%) mean change and SD for blood lipid concentrations for each study group were also calculated by the researchers using baseline and postintervention data. Effectiveness was based on the statistical significance (P-values) for between-group differences in blood lipid outcomes at post-intervention reported by the authors of each study.
Revman version 5.3 was used to conduct four metaanalyses of lipid outcomes: TC (total cholesterol), HDL, LDL and TG (triglycerides) concentrations. 16 Studies were eligible for meta-analyses if they reported adequate data for the calculation of absolute change in TC, HDL, LDL and/or TG concentrations. The absolute change and SD for blood lipid concentrations provided the main outcome variables. Pooled effect sizes were calculated as the weighted mean difference (WMD) and 95% CI for absolute change in blood lipid concentrations. Effectiveness was based on effect sizes and Pvalues for TC, HDL, LDL and TG. Heterogeneity was quantified using the I 2 statistic, which measures the between-study variation that can be attributed to heterogeneity as opposed to random variation, with the intent to assess whether studies share a common effect size. I 2 statistic values of approximately 25%, 50% and 75% were considered to indicate a low, moderate and high-level of heterogeneity, respectively. A random effects model was used due to the high heterogeneity of the intervention and the complexity of individual variability in response to lifestyle modification. 17 Sensitivity analyses were conducted using the 'leave-one-out' method, to assess whether any single study elicited undue influence on the overall result.
The Grading of Evidence, Assessment, Development and Evaluation (GRADE) system was used to classify the quality of the evidence for each lipid outcome (TC, HDL, LDL, TG) into one of the four levels: high, moderate, low or very low. 18 The final classification was based on study design and the following considerations (that may lower the grade of evidence implied by RCT design): (i) serious (−1) or very serious (−2) limitations in study quality, including high risk of reporting bias (−1); (ii) important inconsistency of results (−1); (iii) some (−1) or major (−2) uncertainty about the directness or relevance of the evidence (study population, intervention and outcome measures) to the interests of the review and (iv) imprecise or sparse data (−1). Figure 1 outlines the database search and publication selection processes. A total of 6144 publications were retrieved from electronic database searches and 302 publications from hand searches. Of these, 240 publications met the inclusion criteria based on the title or abstract and the fulltext articles obtained, to which further exclusions based on eligibility criteria were applied. As a result, 10 publications [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] were included in the systematic Where more than two intervention arms existed in a single study, only those relevant to the study criteria were included. Three of the included studies [21] [22] [23] were excluded from the meta-analyses due to insufficient data, that is, means and/or margins of error were not reported to enable the calculation of absolute mean change and CI for lipid outcomes for meta-analysis. A fourth study 24 was excluded from the meta-analysis of TG outcomes only, as baseline TG measures were not reported.
Results
All 10 study designs were parallel RCT with participants randomised to two or more groups. Characteristics of the 10 studies are presented in Table 2 . Participants attended outpatient centres in USA, 19, 25, 26 Asia, 20, 27, 28 Europe 23, 24 and Australia. 21, 22 The stated primary aim of risk management was cholesterol lowering, 19, 21, 22, 26, 28 blood pressure lowering, 23 diabetes management including associated CVD risk 25, 27 and CVD risk factor management including blood pressure and blood lipid concentrations. 20 The 10 included studies had a total of 1274 participants enrolled (dietetic consultation, DN: n = 655; comparator, C: n = 644), with a 4.1% dropout rate across studies. Five studies specifically recruited participants with existing hyperlipidaemia: The remaining five studies recruited participants from patient populations at high-risk of CVD: peripheral vascular disease with TC < 9.1 mmol/L, 21 type 2 diabetes mellitus, 27 hypertension, 20, 23 or impaired fasting glucose with overweight or obesity. 25 All patient populations were screened to exclude the presence of other serious medical and comorbid conditions and/or medication use that may influence outcomes or compliance. In terms of gender distribution, four studies did not specify gender; 19, 20, 27, 28 one study restricted recruitment to men only; 21 and five studies reported recruiting both men and women. [22] [23] [24] 26 For age distribution, three studies reported an age range, with Figure 1 Flow diagram of the literature search and filtering results for a systematic review of the effectiveness of individual dietetic consultations for lowering blood lipid levels. 20-81-year-olds included across those studies 22, 24, 27 two studies reported including participants aged 18+ years, 25, 28 and five studies reported limiting the age to 65 years, 19, 26 70 years 20, 28 and 75 years. 21 Data on body mass index (BMI) were reported in eight studies, where five studies provided a mean baseline BMI that ranged from 23 to 34 kg/m 2 , 20,24,26-28 and three studies were unclear when reporting baseline BMI. 21, 22, 25 These studies indicated the average participant was: healthy to overweight, 27, 28 overweight 19, 21, 26 and obese. 25 Only one study included BMI as part of the eligibility criteria, limiting BMI to <27 kg/m 2 .
2,23
Studies reported an intervention duration of 3, 21,23,26,28 6 22,24 and 12 months 19, 20, 25, 27 and wide variations in frequency and duration of the dietetic consultation. The number of face-to-face consultations with the dietitian also varied and included a one-off consultation in one study, 20 two to three consultations in 3 months in three studies, 19, 21, 23 and more frequent consultations in the remaining studies to a maximum of 12 visits over a 12-month period in one study. 27 The duration of dietetic consultation ranged from 20 minutes to 1.5 hours in the six studies reporting this measure; 20, 22, [24] [25] [26] [27] four studies did not report the duration of dietetic consultation. 19, 21, 23, 28 Comparator groups were determined to be: usual care by a doctor or nurse which may or may not have included printed dietary information (four studies); 19, 20, 26, 27 minimal care based on printed dietary information with or without advice from a nurse (three studies) 21, 22, 24 or controls who received no alternative dietary intervention during the intervention period (three studies). 23, 25, 28 Quality assessment determined three studies had at least one quality criterion at the level of high-risk of bias 19, 21, 27 and the remaining seven studies had at least one criterion considered to be an unclear risk of bias. No study met all eight quality criteria for deeming the level of risk to be low, mainly due to the lack of reporting of allocation concealment (nine studies), 19, 20, 27 blinding of participants and personnel delivering the intervention (nine studies) 19, [21] [22] [23] [24] [25] [26] [27] [28] and blinding of assessment personnel (eight studies). 20, 21, [23] [24] [25] [26] [27] [28] The relative changes in blood lipid concentrations for dietetic and comparator groups in each of the 10 studies under review are shown in Table 3 . TC levels: nine studies reported significant reductions in all dietetic and comparator groups; a statistically significant between-group difference in favour of the dietetic consultation was reported in two studies; 19, 21 five studies reported no between-group differences and two studies did not report a between-group comparison. 22, 28 HDL: seven studies reported variable results with no statistically significant between-group differences in six studies; one study did not report a between-group comparison.
28 LDL: nine studies reported significant reductions in all dietetic groups and in all but one comparator groups; 23 a statistically significant between-group difference in that study by Koopman et al. was in favour of the dietetic consultation; 23 six studies reported no between-group differences and two studies did not report a between-group comparison. 22, 28 TG: six studies reported significant reductions in five dietetic and four comparator groups and a statistically significant between-group difference in the study by Rhodes et al. in favour of the dietetic consultation; 26 one study reported increases in both dietetic and comparator groups; 19 and one study did not report a between group comparison. 28 Seven out of the 10 studies under review were eligible for inclusion in the meta-analyses, 19, 20, [24] [25] [26] [27] [28] that is, provided adequate baseline data for the calculation of absolute change in blood lipid concentrations following intervention. Therefore, baseline data were available on TC, HDL and LDL from 1081 participants (DN = 544; C = 537), with an average dropout rate of 9.3% across six of the studies, where one study did not state the number of dropouts. 27 Baseline TG data were available from 876 participants (DN = 442; C = 434), where the study by Neil et al. 24 was excluded from the TG meta-analysis as TG values were not reported in those studies. Sensitivity analyses for TC, HDL and LDL meta-analyses resulted in minimal changes to effect sizes and statistical Pvalues. These results indicate that no single study exerted a greater influence than other included studies and provides a high degree of certainty for pooled outcomes in each of the meta-analyses. With respect to the TG meta-analysis, removal of the study by Wong et al. 20 resulted in an increase in the overall effect size and an increase in the significance attributable to the remaining studies (Z = 2.66; P = 0.008), indicating the largest included study was exerting a less favourable effect of the dietetic consultation than the other smaller studies. However, removal of each of the other studies from the TG meta-analysis resulted in decreased overall effect sizes and non-significant P-values, suggesting individual studies were exerting a greater influence on the outcome than pooled data.
The GRADE approach enabled reviewers to rate the quality of evidence for each lipid outcome (TC, HDL, LDL, TG) (see Appendix A). All 10 studies were graded as high quality based on RCT design. However, the quality rating was down-graded for all lipid outcomes based on the following modifiers: (i) serious limitation of reporting bias (−1), that is, lack of reporting on allocation concealment and blinding of participants and personnel across nine studies; (ii) no serious limitation due to important inconsistencies in results, that is, while just four studies reported a significant between-group difference and two studies failed to report a between-group analysis, endpoints for absolute change and meta-analyses were able to be calculated from reported data that demonstrated consistent improvements in blood lipid outcomes across intervention and comparator groups; (iii) some uncertainty in the directness of the intervention (−1), that is, wide variations between studies for frequency and duration of interventions with four studies failing to report these parameters and (iv) no modifications to the quality rating were made due to imprecision or sparse data or publication bias. In conclusion, the reviewers considered the likely benefits of dietetic consultation to outweigh the potential harms in high-risk populations and determined a final GRADE recommendation of 'low' for lowering cholesterol and TG concentrations under review, that is, further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Discussion
The current systematic review of RCTs found that dietetic consultation was at least as effective as usual and minimal care for bringing about positive relative changes in blood lipid concentrations of TC, HDL, LDL and TG in high-risk individuals in primary health-care settings. Meta-analyses of pooled mean values for TC, HDL and LDL outcomes from seven eligible studies confirmed, with a high degree of certainty and low heterogeneity, that dietetic consultation produced improvements that were similar to those achieved by comparator groups, consisting of general dietary advice and/or written information provided by physicians and nurses. Notably, the meta-analysis of pooled mean values for TG outcomes from six eligible studies suggests that dietetic consultation was significantly more effective than comparators. However, this latter result should be interpreted with caution due to disproportionate influences of the six individual studies determined by sensitivity analysis.
The focus of review was on dietetic consultations aimed at reducing clinical indicators of CVD risk in high-risk individuals. The results are comparable to those observed in pharmacotherapy studies conducted in high-risk populations 29 and provide evidence of the effectiveness of dietary therapies for reducing cardiometabolic risk factors. Dietary advice has previously been shown to be effective in the prevention of chronic disease, 30 and dietetic consultation has been shown to elicit improvements in diet quality, weight loss and diabetes outcomes.
14 However, this study is the first to synthesise the effectiveness of dietetic consultation for the management of CVD risk factors.
The 10 eligible studies consistently reported reductions in TC, LDL and TG post-intervention for dietetic and comparator groups. However, the magnitude of change varied widely between studies. For example, relative mean changes in TC ranged from −1.43% to −20.9% for dietetic consultation and from −1.8% to −14.17% for comparators. In addition, 4 of the 10 studies under review did not report values for one or more of the blood lipid concentrations under analysis (TC, HDL, LDL, TG) [21] [22] [23] [24] and two studies did not report a between-group comparison at post-intervention, 22, 28 despite significant changes in the dietetic group that were not seen in the control group. 28 Nevertheless, four studies were able to demonstrate superior effect of dietetic consultation where all studies reporting a statistically significant between-group difference in post-intervention blood lipid values were in favour of the dietetic consultation for lowering TC, 19, 21 LDL, 23 or TG. 26 Results for HDL were the most variable, which may reflect the known inverse correlation with CVD 31 and the need for targeted advice to positively influence HDL metabolism.
To provide the highest level of available evidence from the current literature, included studies were restricted to RCT design and the dietetic consultation was well defined as a relatively homogenous intervention for review. Despite this rigour for review, variations in methods likely contributed to the wide ranges observed for blood lipid outcomes. For example, variations in the timing of outcome data collection up to 3, 6 and 12 months after intervention appear problematic and may have contributed to a significant between-group difference for TG in comparison to cholesterol outcomes, where TG are more reactive to dietary changes in the short term and dietary adherence may reduce over the longer term. Equally, there were wide variations and inadequate reporting regarding the frequency and duration of intervention (from a once only consultation to regular monthly visits over 12 months) that effectively limited any attempt to evaluate a dose response gradient or to describe the optimal parameters for dietetic consultation to achieve a positive health benefit. Similarly, comparator interventions varied in duration and frequency between studies, as did the amount and type of input from other health professionals, usually physicians and nurses who in many cases followed the same National Cholesterol Education Program (NCEP) guidelines 32 used by the dietitians in the same study, providing no clear control group. Furthermore, the variations in duration among the included studies made it unfeasible to calculate SD of change in lipid outcomes for comparison. Instead, the SD of the within-group difference of each study arm at the end of each intervention period was considered appropriate but is acknowledged as a limitation of this review.
The GRADE approach to rate the quality of evidence to support dietetic consultation in lowering blood lipid concentrations confirmed the main reasons for downrating the quality of evidence beyond study design were serious limitations due to reporting bias (lack of reporting on allocation concealment and blinding) and some uncertainty in the directness of the intervention due to the variations in frequency and duration.
Other potential influences of mention were factors known to be associated with reductions in blood lipid levels. For example, baseline blood lipid concentrations are known to result in greater absolute reductions in response to intervention. However, the study designs of the included studies appeared adequate to support reductions, where five studies recruited based on hyperlipidaemia and five studies recruited high-risk populations and all studies reported elevated baseline LDL >2.5 mmol/L and TG >1.5 mmol/L. The known association between increasing age and increasing LDL 33 was difficult to assess due to inadequate reporting, however, the number of elderly participants were likely limited due to exclusion criteria used in five studies to cap participant age at or above 65 years. [19] [20] [21] 26, 28 While it is acknowledged that weight loss is known to influence metabolic processes, 34 a lack of reporting of consistent weight measures for comparison made it difficult to assess any contribution of weight loss to changes in blood lipid outcomes and was not an outcome of this study.
Finally, a key focus of the dietetic consultation is to support patients in achieving dietary behaviour changes to improve health outcomes. Therefore, the measurement of the diet is important for determining the effects of dietary change. 35 Only three of the studies in this review reported an analysis of dietary change, 19, 26, 28 including reductions in fat but not fibre, 19 reductions in macronutrients and dietary cholesterol but not energy intake, 26 and one study reported no significant dietary change. 28 However, no association between diet and blood lipid levels was able to be determined. Future studies need to adequately assess dietary modifications and associations with biomarkers.
Strengths of this review include the rigorous nature of a systematic process with an explicit and reproducible protocol that complied with PRISMA recommendations. The inclusion of meta-analyses of pooled data enhanced the power to detect a difference in the outcomes under review and allowed statistical explorations of heterogeneity and sensitivity. Limitations of the review include: publication bias where potential sources of grey literature were not included in the search; the choice of outcomes were not inclusive of other measures of CVD risk such as blood pressure; and the application, interpretation and generalisation of results using GRADE required subjective judgements to arrive at the final quality recommendations. Furthermore, the inability to calculate SD of change for each study resulted in conservative (larger) margins of error, limiting the ability of meta-analysis to detect an influence of dietetic consultations. Future studies in dietetics should report error of the mean change, or correlation coefficients to allow for more accurate pooled analysis.
The results of the current systematic review and metaanalyses provide evidence for the effectiveness of the dietetic consultation in the primary care setting for reducing blood lipid concentrations, as important measurable cardiometabolic risk factors in high-risk individuals. Counselling from a dietitian was found to be more effective for lowering TG concentrations than comparator groups across six eligible studies (GRADE: low quality), while reductions in cholesterol concentrations were similar to those achieved by comparator groups in at least seven studies (GRADE: low quality). Inadequate reporting and variations in the methods likely confounded results and reduced the effects of intervention over time. The implications for dietetic researchers are to collect consistent, high quality, long-term outcome data to enhance the overall grade of the body of evidence to support policy changes and funding for dietetic counselling in the management of chronic diseases in primary health-care settings.
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